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Background & Introduction

Temperature Measurement of Exhaust within Sample

Catalytic converters are used in automobiles to convert harmful gases a
combustion engine produces into less harmful gases the environment can accept.
Current catalytic converters are made of expensive precious metals such as platinum
and rhodium. Aerogels are being researched as a less expensive and more
sustainable alternative to replace current catalytic converters. The Union Catalytic
Aerogel Testbed, referred to as UCAT, is the testing setup and procedure used to
analyze the performance of various catalytic aerogels made at Union College. Crosscut
Lean Exhaust Emissions Reduction Simulations, also known as CLEERS, publishes
industry standards for catalytic testing procedures to analyze the efficiency of catalytic
converters. UCAT requires constant maintenance and improvements in an act to
adhere to standards published by CLEERS. CLEERS requires a temperature
measurement within the catalytic sample itself where the current UCAT implementation
measures the temperature before and after the catalytic sample. A formal design
process was used to create and install a new implementation to measure the
temperature within the sample. Other improvements to UCAT include automating a
valve that is manually turned twenty times per test, replacing oven heaters used to heat
the sample and simulated car exhaust, and replacing faulty solenoids. Keeping up with
CLEERS standards as well as improving previous implementations drives this designbased project to improve UCAT.
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Figure 2: CLEERS requirement
for thermocouple implementation
within testing procedure

CLEERS specifically mentions that the exhaust temperature should be
measured at two locations. One temperature measurement of the exhaust
before the catalytic sample and a second temperature of the exhaust within
the catalytic sample. [1] UCAT currently measures the exhaust temperature
before and after the sample, not within the sample itself. Implementing a
temperature probing device appears to be trivial however with the following
constraints becomes a very detailed and difficult design process.
• Must operate at temperatures up to 800˚C
• Sample debris and exhaust must remain in the test chamber
• Must accurately measure and display the temperature of the exhaust
within the sample and not the sample itself
• The test chamber must be able to be removed and cleaned
• Old sample must be removed so new sample can be loaded
• Must remain distant from the testbed wall which is about 75 mm away
from the sample chamber

Figure 3 shows SolidWorks models of the
two most promising designs. They were
modeled in an environment that would
simulate the oven doors closed to examine
spatial constraints. The design on the left
would have a thermocouple built into the
middle test section but was scrapped as it
can be seen the two test sections would
collide when the oven is shut. The design
on the right would have a thermocouple
cemented to the side port and this design
was selected to move forward with as it met
spatial constraints of the oven environment.
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Figure 1: Flow chart depicting the relations between the numerous subsystems that encompasses the UCAT.

Automate Bypass to Test Section Valve

Design 1

The UCAT consists of several parts as shown in Figure 1. A gas mix is made to
simulate car exhaust, which includes hydrocarbons, nitrogen oxides, and carbon
monoxide. The gas flows to the gas control systems, which control and measure the
flow of gas into the test section. These control systems can add air to the simulated
exhaust, add humidity to the simulated exhaust, and switch between simulated
exhaust and purge/warm up air. A LabView program is used to control the systems.
The gas flows from the gas control systems to a valve that allows the gas to flow
through either the test section or a bypass line. The gas flowing through the test
section enters the oven (which controls the test section temperature) and flows
through the sample. A bypass line runs exterior to the oven and rejoins the test section
line after it exits the oven. The gas flows through a five-gas analyzer which measures
the amount of hydrocarbons, nitrogen oxides, carbon monoxide, carbon dioxide, and
oxygen that is present in the gas. The five gas analyzer measurements are then used
to calculate the percent conversions and thus the efficiency of each aerogel sample.
The gas after this point is expelled through an exhaust system.

Figure 7 shows the Thermcraft oven used to heat the sample and gas to
temperatures up to 800˚C. It is comprised of two sides, the wall and door side. Each
side has three zones to uniformly heat the interior environment. As seen by the
thermal image in Figure 7 the middle zone stopped working and replacement heaters
were ordered and installed.

Old UCAT configuration required the valve circled in red in Figure 8 to be manually
switched about twenty times per test for each side of the oven. This valve controls the
simulated exhaust that needs to travel through the test bed or the bypass line at
designated times. This valve does not only become tedious to change so frequently in
the testing procedure but is also difficult to access. As seen in Figure 9, two ASCO
8320G176 three-way solenoid valves were purchased and installed to create a more
user-friendly test procedure as they now change by the click of a button on the
LabView software.

A 3D print, present in Figure 4, was created to verify the SolidWorks spatial
constraints as well as work through test procedure steps to determine if this
design is feasible. The 3D model verified a promising design and future steps
were taken to design components to implement a thermocouple into the side
port seen on the right model of Figure 3.
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The Union Catalytic Aerogel Testbed (UCAT) was designed and built at Union
College to test the efficiency of catalytic aerogels. UCAT does this by testing two small
aerogel samples (15-25 mL) simultaneously over a wide range of temperatures
(150℃-800℃).
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Figure 7: Thermcraft oven and thermal image

Figure 3: SolidWorks models of the two most promising design concepts
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Figure 4: 3D print of test section

Figure 5 shows two thermocouple designs created in
SolidWorks. Both designs rely on an insert with a fine mesh
screen wrapped around the end to ensure that the
thermocouple measures the temperature of the exhaust not the
aerogel sample. The thermocouple would be cemented to the
detachable port and slide in and out of the insert. The clamp
seen in Figure 3 fastens the detachable port to the side port. A
copper crush ring would be used to create a seal once the
clamp is fully tightened. Design 1 uses an insert with a flange
to hold it in place. As indicated by the red arrows in Figure 5,
the simulated exhaust has four exit points, requiring two copper
crush rings. A second design was created which only requires
one copper crush ring. Design 2 uses the insert shown in
Figure 6. The insert would be held in place by bumping against
the bottom side of the test section. Design 2 was selected to
move forward and future steps to build and implement this
design will be taken.

Figure 8: The old UCAT configuration
with the manual bypass valve

Figure 5: SolidWorks models of
thermocouple applications

Figure 6: Thermocouple housing insert

Figure 9: The current UCAT configuration with
the ASCO three-way solenoid on the right
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